The composition and antimicrobial activity of the essential oil from the underground parts (roots and rhizomes) of Laserpitium zernyi Hayek (Apiaceae) were investigated. The pale blue essential oil, obtained by hydrodistillation, was analyzed by GC and GC-MS. Forty-three compounds were identified (94.3% of total oil). The main constituent, beside α-pinene (31.6%) was α-bisabolol (30.9%), so this oil may be a novel potential natural source of this sesquiterpene alcohol. The antimicrobial activity was tested using the microdilution method against Gram (+) bacteria (Staphylococcus aureus, S. epidermidis, Micrococcus luteus, Enterococcus faecalis), Gram (-) bacteria (Pseudomonas aeruginosa, Klebsiella pneumoniae, Escherichia coli), and two strains of yeast (Candida albicans). L. zernyi oil showed significant antibacterial activity against S. epidermidis, S. aureus and M. luteus, but lower activities against the other tested strains.
The genus Laserpitium L. (Apiaceae) is comprised of approximately 20 aromatic perennial species that are predominantly distributed in the Mediterranean region and south-west Asia [1a] . Fourteen herbaceous species represent this genus in the flora of Europe [1b] . L. zernyi Hayek is endemic to the mountain regions of the central Balkans. Previously it was treated as a subspecies of the closely related L. siler L. (L. siler subsp. zernyi (Hayek) Tutin) [1b,2a] . In Austria and Germany the fruit of L. siler (Siler montanum Crantz) was used as a spice for its bitter and aromatic taste. Infusions prepared of the dried fruits were used as a diuretic, and for treating dysmenorrhoea, gastrointestinal problems, flatulence and snake bites. Roots were used externally in treating toothache. Aerial parts of L. siler were considered as a very nutritious cattle food [2b] . Preparations of roots of L. latifolium were used also as tonics for strengthening and refreshing, and as emenagogues and diuretics [2b] . However, there is still inconsistent clinical evidence to approve most of the traditional uses of these species.
Investigation of the chemical composition of the closely related L. siler, as well as of other species of Laserpitium, was mainly focused on the isolation and characterization of sesquiterpene lactones [3a-3d,4] and essential oil analyses [5a-5f] . Previously we reported the chemical composition and antimicrobial properties of L. zernyi herb and flower essential oils [6] , but in this present study we analyzed, for the first time, the essential oils from the rhizomes and roots.
Air-dried, powdered, underground parts of L. zernyi were hydrodistilled to yield 1.74% (w/w) of a light blue essential oil, which on analysis by GC and GC-MS led to the identification of forty-three terpenoid components NPC Natural Product Communications 2010 Vol. 5 No. 2 307 -310 3 RI, Retention Indices relative to C 9 -C 24 n-alkanes on HP-5MS %, Relative percentage obtained from peak area; tr, trace (< 0.1%).
( Table 1) . Monoterpenes formed 52.9% of the total and sesquiterpenes 41.4%. In the monoterpene fraction hydrocarbons were dominant, while oxygenated compounds dominated the sesquiterpene fraction (47.2% and 35.1% of the total oil, respectively). The main components were α-pinene (31.6%) and αbisabolol (30.9%).
The results for the antimicrobial activity of L. zernyi essential oil, presented in Table 2 , are expressed as minimal inhibitory concentrations (MICs). The best inhibitory effect was detected against Staphylococcus epidermidis (31.8 μg/mL), S. aureus and Micrococcus luteus (63.7 μg/mL). Inhibitory activity against all other tested microorganisms was significantly lower (>100 μg/mL). The chemical composition of L. zernyi essential oil isolated from rhizomes and roots was remarkably different from that of the flower and leaf oils, which were rich in monoterpenes. The most abundant components in the flower oil were sabinene, limonene and β-phellandrene (18.5%, 12.0% and 12.0%, respectively), whereas in the leaf oil β-pinene and terpinen-4-ol predominated (20.0% and 12.0%, respectively). As for sesquiterpenes, in L. zernyi flower and leaf oils, (E)-caryophyllene (6.8% and 2.5%, respectively) and α-bisabolol (4.0% and 6.4%, respectively) were the major components [6] . In the oil from the undergound parts of L. zernyi, (E)caryophyllene was present only in traces. Differences in the chemical composition between the tested oil and those isolated from other Laserpitium species are more obvious. The main constituents detected in the fruit oil from L. garganicum subsp. garganicum (Ten.) Bertol. from Italy were myrcene, β-phellandrene, sabinene and γ-muurolene, while the content of α-pinene was much lower [5a] . The fruit oil of L. siler grown in France was characterized by high contents of perillaldehyde and limonene [5b], which was similar to the fruit oil of L. siler analyzed by Molt [5c]. Perillaldehyde and limonene were not detected in the oil from the underground parts of L. zernyi. On the other hand, two samples of fruit and one sample of leaf oil from L. gallicum L. grown in France were characterized by high contents of α-and β-pinene [5d]. High contents of α-pinene and sabinene were detected in the oil obtained from the aerial parts of L. petrophilum Boiss. et Heldr.
[5e]. Similar to the tested L. zernyi oil, some of the oils listed above had high contents of α-pinene, but in none of them was the presence of α-bisabolol recorded. Since the content of α-bisabolol in the investigated oil was 30.9%, the underground parts of L. zernyi may be used as an alternative source of this naturally occuring sesquiterpene alcohol. α-Bisabolol is highly valued in cosmetic industry for its antiinflammatory, antiphlogistic, and skin-conditioning properties, and also can be used as an enhancer of skin penetration for other active compounds administered topically, such as 5-fluorouracil [7a,7b] . For concentrations used in cosmetic preparations its low toxicity has been confirmed [7a] . In vivo studies on rats showed that αbisabolol, in a dose-dependent manner, inhibits gastric ulcers induced by indomethacin, ethanol and stress (at doses of 50-800, 25-200 and 1-100 mg/kg, respectively). Also, α-bisabolol shortened the time of healing of ulcers induced by acetic acid and by heatcoagulation [7c]. Oral administration of matricaria oil to rats at doses ranging from 0.8-80 mg/kg of α-bisabolol showed significant protective activity against gastric toxicity of acetylsalicylic acid [7d] . Matricaria oil was one of the first natural sources of α-bisabolol. According to the European Pharmacopoaea 6.0, its recommended content in this oil is 10-65% [8a] The essential oil from the underground parts of L. zernyi showed high antibacterial activity against S. aureus, S. epidermidis and M. luteus. Observed MIC values were significantly lower than those of L. zernyi flower and leaf oils against the same bacterial strains. The best antimicrobial activity of the previously investigated L. zernyi oils was shown by the flower oil against S. epidermidis, K. pneumoniae and C. albicans, the leaf oil against M. luteus, and both oils against E. coli [6] . The differences in the exhibited antibacterial activity may be related to the different chemical compositions and to possible synergistic activity of the detected components. The fruit oil of L. garganicum was tested for antifungal activity [5a] .
Experimental

Plant material and isolation of essential oil:
Underground parts of L. zernyi were collected on July 30 th , 2008 at Mt Ošljak in south Serbia during the period of full flowering. A voucher specimen (ko20080709 BEO) was deposited at the Natural History Museum in Belgrade. The essential oil was isolated from the airdried, powdered and representative sample (51.1 g) by hydrodistillation for 4 h, according to the procedure of the European Pharmacopoeia 6.0 [8a] , using n-hexane (1 mL) as a collecting solvent.
Gas chromatography: GC analysis was carried out using a SRI 8610C GC-FID system, equipped with a split/splitless injector (split ratio 1:20; injection volume 1 μL), DB-5 capillary column (30 m × 0.32 mm; film thickness 0.25 μm) and connected to a FID detector. The carrier gas was He, at a flow rate of 1.2 mL/min. The thermal programme was 60ºC to 280ºC at a 3ºC/min rate.
Gas chromatography-mass spectrometry: GC-MS analyses were performed on a Hewlett Packard 6890-5973 GC-MS system operating in the EI mode at 70 eV, equipped with a split/splitless injector (split ratio 1:10; 200ºC). Helium was used as carrier gas (1 mL/min) and the capillary column used was HP-5MS (30 m × 0.25 mm; film thickness 0.25 μm). The injected volume was 1 μL (10% n-hexane solution of oil). Identification of the compounds was based on comparison of their retention indices (RI), retention times (RT) and mass spectra with those obtained from authentic samples and/or the NIST/NBS, Wiley libraries and the literature [9a] . The linear retention indices (KI) were determined in relation to a homologous series of n-alkanes (C 9 -C 24 ) under the same operating conditions [9b]. For the determination of minimal inhibitory concentration (MIC), a broth microdilution assay was used, as recommended by the NCCLS [9c]. The MIC was defined as the lowest concentration of the oil at which the microorganism did not demonstrate visible growth. Test strains were suspended in medium to give a final density of 1.59×10 6 cfu/mL for bacterial and 2.40×10 7 cfu/mL for yeast strains. Dilutions of oil solutions in DMSO (15 mg/mL) were prepared in concentrations ranging from 1.99 to 127.33 µg/mL. After incubation for 18 h at 37°C for bacteria and 48 h at 26°C for yeast, the growth of the microorganisms was indicated by the presence of a pellet on the bottom of the well. All microbial tests were performed two times against each microorganism. The MICs of Ampicillin, Amikacin and Nystatin were determined in parallel experiments and positive controls of growth were included.
